BACKGROUND: We compared the performance of each of three tests for predicting pregnancy failure in the pregnancy of unknown (PUL) population. METHODS: In a prospective observational study, we compared the performance of three models for the prediction of pregnancy failure in women with a PUL: (i) logistic-regression model incorporating vaginal bleeding, endometrial thickness (ET), initial serum progesterone and hCG levels; (ii) serum progesterone at 0 h; and (3) the hCG ratio. RESULTS: A total of 5942 consecutive pregnant women attending the Early Pregnancy Unit were scanned and 439 (7.4%) were classified as PULs. Of these women, 420 had complete data for serum hCG at 0 and 48 h, the hCG ratio, serum progesterone at 0 h, vaginal bleeding and ET. The final outcomes were 219 (52.1%) failing PULs, 167 (39.8%) intra-uterine pregnancies and 34 (8.1%) ectopic pregnancies. For the prediction of pregnancy failure in the PUL population, the area under the receiver operating characteristic (ROC) curve (AUC) for the logistic-regression model was 0.907 (Standard error (SE) 0.015), the AUC for serum progesterone was 0.952 (SE 0.010) and the AUC for the hCG ratio was 0.980 (SE 0.004). This improved performance of the hCG ratio was significant when compared with that of initial serum progesterone (P 5 0.0076) and the logistic-regression model (P < 0.0001). Using the hCG ratio cut-offs of <0.87 and 0.79, the serum progesterone cut-off of <20 nmol l 21 and the logistic-regression cut-off of >70% for the prediction of failing PUL, sensitivities were 86.3 and 82.2% (S), 87.2% (NS) and 78.1% (S), specificities were 97.0 and 98.0% (NS), 89.6% (S) and 88.6% (S), positive-likelihood ratios were 28.91, 41.30, 8.34 and 6.82 and negative-likelihood ratios were 0.14, 0.18, 0.14 and 0.25, respectively. CONCLUSIONS: The hCG ratio seems to be an optimal test for the prediction of pregnancy failure in a PUL population. The hCG ratio cut-off of 0.79 is recommended on the basis of minimizing risk to those PULs discharged at 48 h. Most importantly, when the hCG ratio is below a particular cut-off, these women can be discharged at 48 h without intervention and need for further follow-up.
Introduction
Failing pregnancies of unknown location (PULs) or trophoblast in regression accounts for 44-69% of the PUL population and is never visualized using transvaginal ultrasonography (TVS) (Hajenius et al., 1995; Condous et al., 2005a ). An indeterminate proportion of these represent complete miscarriages and self-limiting forms of ectopic pregnancies (EPs) (Condous et al., 2005b) . Logistic-regression analysis has been previously developed to predict this failing PUL group (Banerjee et al., 1999) . In 2001, the same unit tested this model prospectively and also compared it to single serum progesterone measurements for the prediction of spontaneously resolving PULs (Banerjee et al., 2001) . The model's performance was not significantly better than an optimal serum progesterone cut-off of 20 nmol l 21 in the same PUL population, with the latter achieving a sensitivity and specificity of 93 and 94%, respectively (Banerjee et al., 2001) .
More recently, the hCG ratio, defined as the hCG at 48 h/ hCG at 0 h, outperformed single values of serum hCG taken at 0 and 48 h, for the prediciton of failing PULs (Condous et al., 2006) . When using an hCG ratio cut-off of ,0.87, the sensitivity and specificity for the prediction of failing PULs were 92.7 and 96.7%, respectively. These results were obtained when the hCG ratio was tested in a different population to the one in this study. Barnhart et al. (2004) previously described a rate of decline in serum hCG .21% to define spontaneous resolution of PULs this equates to an hCG ratio cut-off of 0.79.
The aim of this study was to compare the diagnostic performance of the hCG ratio, serum progesterone and the previously developed logistic-regression model with regard to predicting failing PULs (Banerjee et al., 2001; Barnhart et al., 2004; Condous et al., 2006) .
Materials and methods

Data collection
We undertook a non-interventional prospective study of 5942 consecutive first trimester pregnant women attending the Early Pregnancy Unit (EPU) at St. George's Hospital, London between the 18th of July 2003 and the 9th of October 2004 inclusive. All women underwent a TVS by midwife trained ultrasonographers who had at least four years' scanning experience in the EPU or Clinical Fellows (after hours) who had at least two years' experience in gynaecology and were proficient at scanning. The diagnosis of a PUL was made at the initial visit and was defined on the basis of a TVS as there being no signs of either an intra-or extrauterine pregnancy or retained products of conception in a woman with a positive pregnancy test.
If any of the following was present on TVS, these women were excluded from the PUL population:
(i) Visualisation of any evidence of an intrauterine sac at the initial scan or (ii) Identification of an adnexal mass thought to be an EP at the initial scan or (iii) The presence of heterogeneous, irregular tissues within the uterus thought to be an incomplete miscarriage at the initial scan or (iv) Women who were clinically unstable or had an acute abdomen or had a blood in the pouch of Douglas (POD) according to the scan images at the time of the initial scan. All results were followed up by the same investigator (GC), i.e. this clinician was responsible for the women classified with a PUL.
Indications for sonography included lower abdominal pain, with or without vaginal bleeding, poor obstetric history or the need to determine gestational age. Each woman with a PUL had a thorough history taken (including the presence or absence of lower abdominal pain with or without vaginal bleeding), and examination was performed using a 5-MHz transvaginal probe (Aloka SSD 900, 2000 or 4000, Keymed Ltd, Southend, UK and Aloka Co. Ltd., Tokyo, Japan). The absence or presence of vaginal bleeding was expressed as a bleeding score of 0 or 1. Demographic data including the woman's age and gestational age (estimated on the basis of last menstrual period) at presentation were recorded. Ultrasonographic features including endometrial thickness (ET), fluid in the POD and the character of the midline endometrial echo were also recorded. The ET was measured on ultrasound in the sagittal plane at the point of maximal thickness. Any fluid noted in the POD was measured in two planes. These measurements were recorded in millimetres (mm). The character of the midline endometrial echo was assessed at the first scan and described as being either intact or disrupted.
All women classified with a PUL had peripheral blood taken for serum hCG (World Health Organization, Third International Reference 75/537) and progesterone measurements (Roche Elecsys 2010 Progesterone II test, Roche Diagnostics, Lewes, UK) using automated electrochemiluminescence immunoassays. The first blood was drawn on the same day the woman presented and these levels were measured 48 h later, according to the unit protocol. If the woman presented before 17:00 h, the phlebotomy service took the first blood sample and the second was arranged 48 h thereafter. Any women who presented after 17:00 h had the first blood sample taken by the on-call Clinical Fellow who was on duty to perform ultrasound scans and take blood samples until 22:00 h 7 days a week. No scans were performed between 22:00 h and 08:00 h and therefore the second blood sample could be taken at or close to 48 h. This system ensured that variations in the timing of the 48-h blood sample were kept to a minimum. Women with complete demographic, ultrasonographic and biochemical data were included in the final analysis.
Women were followed up until a final diagnosis was established: a failing PUL, an IUP, EP or persisting PUL. The persisting PUL group is defined as those PULs whose serum hCG levels fail to decline, tend to be low (,500 U l 21 ) and have reached a plateau. The location of the persisting PUL group was never ascertained and a proportion of these represent either IUPs or EPs. In order to give the reader the worse-case scenario, these were incorporated into the EP group.
The diagnosis of a failing PUL according to the unit's protocol was defined as a serum progesterone at presentation ,20 nmol l 21 with a subsequent fall in serum hCG levels to ,5 U l
21
, and the location of these pregnancies remained unknown. Note that all other diagnostic models for failing PUL, including the hCG ratio and logistic regression, were not used in the clinical work-up of PUL women. The diagnosis of an IUP was made on TVS when a gestational sac was visualized within the endometrial cavity (Warren et al., 1989) . EPs were diagnosed using TVS and/or laparoscopy with confirmatory histology of chorionic villi. In our unit, the use of ultrasound as the primary way to diagnose EPs is accurate in 93.2% of cases (Condous et al., 2005c) . The diagnosis of EP was based on the positive visualization at TVS examination of an adnexal mass. Ultrasonographic diagnosis of an EP was made if one of the following grey-scale appearances was present in the adnexal region: (i) an inhomogeneous mass adjacent to the ovary and moving separate to this known as the 'blob' sign (Condous et al., 2005c) or (ii) a mass with a hyper-echoic ring around the gestational sac referred to as the 'bagel' sign (Condous et al., 2005c) or (iii) a gestational sac with a fetal pole with or without cardiac activity (Condous et al., 2005c) .
Statistical analysis
Three diagnostic models were then applied retrospectively to the same data set in order to determine the best test for the prediction of pregnancy failure in the PUL population. 1) Logistic-regression model where the probability to predict failing PUL ¼ 1/(1 þ e 2z ), where z ¼ 22.20 -0.15 * progesterone (nmol l 21 ) þ 3.36 * bleeding score 2 0.0013 * serum hCG (U l 21 ) þ 0.45 * endometrial thickness (mm). A probability score of 70% was used as the cut-off level for the positive prediction of a spontaneously resolving pregnancy (Banerjee et al., 1999) . 2) Serum progesterone at presentation. A level ,20 nmol l 21 was used as the cut-off to predict failing PUL (Banerjee et al., 2001) . 3) hCG ratio at 48 h, including a comparison of the performance of hCG ratio cut-offs of 0.79 versus ,0.87 to predict failing PUL (Barnhart et al., 2004 , Condous et al., 2006 . The performance of these three models was evaluated using ROC curves. The ROC curves were constructed by plotting the sensitivity (true-positive rate) versus 1-specificity (false-positive rate) for varying cut-off values (Hanley and McNeil, 1982; DeLong et al., 1988) . The AUCs can be statistically interpreted as the probability of the test to correctly distinguish a failing PUL from a non-failing PUL. An area of 1 represents a perfect test; an area of 0.5 represents a worthless test. The method of DeLong et al. (1988) was used to test for statistically significant differences between the AUCs of three ROC curves. P-values of ,0.05 were considered to indicate statistical significance.
Failure in PULS
The performance of each of the different cut-offs, hCG ratio ,0.87, hCG ratio 0.79, serum progesterone ,20 nmol l 21 at 0 h and logistic-regression model cut-off of .70%, was also evaluated in terms of sensitivity, specificity, positive-likelihood ratio (LR(þ)) and negative-likelihood ratio (LR(2)). Percentages are followed by their 95% confidence intervals (CI) that were computed using the continuity-corrected efficient score method as described by Newcombe (1998). McNemar's test was used to investigate whether the differences in sensitivity and specificity for the different cut-offs were significant. P-values of ,0.05 were considered to indicate statistical significance.
Statistical analyses were conducted with Statistical Analysis System (SAS) Version 9.1, Cary, North Carolina, USA.
Results
A total of 5942 consecutive pregnant women were scanned during the study period and 439 (7.4%) consecutive women were classified as PULs. Of the 439 eligible women, 420 had complete data for serum hCG at 0 and 48 h, the hCG ratio, serum progesterone at 0 h, vaginal bleeding and ET. These were therefore used in the final analysis. The final outcomes were 219 (52.1%) failing PULs, 167 (39.8%) intrauterine pregnancies and 34 (8.1%) EPs. Table I shows the descriptive statistics for all 420 PULs and for each of the three outcome groups: failing PULs, IUPs and EPs.
For the prediction of failing PULs, the AUC for the logistic-regression model was 0.907, the AUC for serum progesterone was 0.952 and the AUC for hCG ratio was 0.980. (Figure 1 ). According to the AUCs, the hCG ratio performed significantly better than both serum progesterone and the logistic-regression model, with P-values of 0.0076 and 0.0001, respectively. Table II demonstrates the sensitivities, specificities, LR(þ) and LR(2) for each of the diagnostic model cut-offs for the prediction of failing PUL. Table III shows the statistical significance of the differences in sensitivity and specificity between the two hCG ratio cut-offs, ,0.87 and 0.79, and those of the serum progesterone cut-off of ,20 nmol l 21 and the logistic-regression model cut-off of .70%.
Discussion
On the basis of this comparative study, the hCG ratio seems to be the best of the three diagnostic tests for predicting failing PULs. The hCG ratio and serum progesterone significantly outperformed the previously developed logistic-regression model. We believe that clinicians can rely on biochemical markers alone and in particular the hCG ratio to predict spontaneously resolving PULs which do not need intervention. Clinical information in the form of vaginal bleeding and ultrasonographic measurements including the ET are not necessary in the work-up of these women. This is the first study to compare biochemical markers of pregnancy failure in the PUL population, i.e. the hCG ratio versus initial serum progesterone. Both the hCG ratio and serum progesterone are simple diagnostic tests to apply to a PUL population; however, the higher laboratory expense is another factor against the routine use of serum progesterone.
There was a large overlap in the CI for the LR(þ) and LR(2) for the different hCG ratio cut-offs (0.87 and 0.79). EPUs can adopt either hCG ratio cut-off (0.87 versus 0.79) depending upon what is clinically important to that individual unit, i.e. to predict failing PULs or not to miss non-failing PULs. The LR which is clinically most relevant will determine the hCG ratio cut-off. If a unit believes that clinically the most Table I . Descriptive statistics for all pregnancies of unknown location and for each outcome group (n ¼ 420)
Age (years) 418 Median (IQR) 30 (10) 31 (9) 29 (11) 29.5 (6) min-max 14-47 16-47 14-42 18-42 Gestational age (days) 386 Median (IQR) 36 (16) 43 (14) 29 (5) 39 (9) (621) 155 (475) Including persisting PUL cases (n ¼ 8).
G. Condous et al. important PUL outcome to predict is the failing PUL group, then they choose the hCG cut-off with the highest LR(þ), i.e. 0.79. Conversely, if it is more important to identify those pregnancies that are not failing, then they choose the hCG ratio cut-off with the lowest LR(2), i.e. 0.87. We believe that a diagnostic test which allows women with a PUL to be discharged at 48 h should ideally have a high LR(þ) and high specificity. This is to ensure that we do not discharge a woman with a false-positive test and therefore potentially cause harm. Thus, the hCG ratio cut-off of 0.79 is recommended. Individual hCG ratio cut-offs, either 0.87 or 0.79, can be used for clinical decision-making in the PUL population. We believe that women whose hCG ratio is below a particular cut-off can be discharged at 48 h without intervention (Condous et al., 2006) . Conversely, those women who have an hCG ratio above a particular cut-off, either 0.87 or 0.79, need follow-up in the form of repeat ultrasound scan in 7 days. If this scan does not locate the pregnancy, then repeating the hCG ratio would be appropriate in order to plan further management. The relative simplicity and easy application of the hCG ratio when dealing with a PUL population mean that there are few limitations to its use by the majority of health professionals.
The hCG ratio performs very well when applied to the PUL population at St. George's Hospital EPU (Condous et al., 2006) . The authors believe that EPUs which use the World Health Organization, Third International Standard (75/537), for the quantification of serum hCG levels, can adopt this rule. However, prospective studies in other institutions are needed to validate its general application. In conclusion, the hCG ratio is the optimal diagnostic test for the prediction of failing PULs. The hCG ratio cut-off of 0.79 is recommended on the basis of minimizing risk to those PULs discharged at 48 h. The hCG ratio can be the basis for clinical decisionmaking in the management of PULs. Most importantly, when the hCG ratio is below a particular cut-off, these women can be discharged at 48 h without intervention and need for further follow-up. 
Failure in PULS
